The optical spectra of fluoride complexes can effectively probe H-bonding interactions in the distal cavity of heme proteins.
Fluoride complexes of heme proteins are characterized by unique spectroscopic properties, that provide a simple and direct means to monitor the interactions of the distal heme pocket environment with the iron-bound ligand. In particular, a strong correlation has been demonstrated between the wavelength of the iron-porphyrin charge transfer band at 600-620nm (CT1) and the strength of H-bonding donation from the distal amino acid side chains to the fluoride ion. In parallel, resonance Raman spectra with excitation within either the CT1 band or the charge transfer band at 450-460nm (CT2) have revealed that the iron-fluoride stretching frequency is directly affected by H-bonding to the fluoride ion. On this basis, globins and peroxidases display distinct spectroscopic features, which are strongly dependent on the capability of their distal residues (i.e. histidine, arginine and tryptophan) to be involved in H-bonding with the ligand. In particular, in peroxidases strong H-bonding corresponds to a low iron-fluoride stretching frequency and to a red-shifted CT1 band. The reverse is observed in myoglobin. Interestingly, a truncated hemoglobin of microbial origin (Thermobifida fusca) investigated in the present work, displays the specific spectroscopic signature of a peroxidase, in agreement with the presence of strong H-bonding residues, i.e., tyrosine and tryptophan, within the distal pocket.